Introduction
Micrometer-scale mechanical resonators play important roles in many applications, such sensing techniques, high-speed signal processing, and the study of fundamental physics [1] [2] [3] [4] .
The optical control of mechanical vibration is particularly drawing much attention for amplification and cooling [5] [6] [7] [8] . All the techniques are based on opt-mechanical coupling induced by an optical cavity that requires the precise alignment and tuning. In contrast, we have recently reported a new cavity-free technique for optically controlling mechanical vibration using a piezoelectric back action that is induced by carrier excitation in direct band-gap semiconductors [9] . In this approach, the mechanical vibration can be easily controlled by simply applying a laser light to excite the carriers at near band-gap wavelengths.
In the back action to mechanical resonators, carrier excitation in semiconductor induced by optical absorption sensitively affects the mechanical vibration so that it is also available to characterize the optical absorption in semiconductors by detecting the change in mechanical vibration characteristics. For that purpose, we characterized the thermo-mechanical vibration of a newly fabricated n-AlGaAs/undoped i-GaAs modulation-doped heterostructure cantilever which is expected to have a sharp and fine band-edge energy structures in optical absorption spectrum. We observed that the thermal vibration amplitude is sensitive to an extremely small change in the applied-photon wavelength, reflecting the fine energy structure in the band edge optical absorption. The result verifies that the scheme can be used for the high resolution optical absorption spectroscopy.
Experimental setup
The cantilever consists of Si-doped Al 0.2 Ga 0.8 As /undoped GaAs heterostructure ( Fig. 1(b) ). An optical microscope image of a cantilever is shown in Fig. 1(a) . It is [-110]-oriented, 10 µm-wide, 50 µm-long and 400 nm-thick. The vibration spectrum of the cantilever's fundamental mode was detected with a HeNe (633nm) CW laser by optical interferometry. The HeNe laser power is fixed at 0.8µW, which is low enough to avoid its influence on the mechanical vibration. The power spectral density (PSD) of the cantilever's thermal vibration was measured around the fundamental mode frequency with a spectrum analyzer. The mechanical cantilever was set in vacuum (~10 -5 Pa), at 10K. The fundamental mode frequency (f 0 ) is 110 kHz and its quality factor (Q) is 1300, where Q = 2πf 0 /Γ and Γ is damping factor. A tunable Ti:Sapphire CW laser was used for the carrier excitation. Laser power fixed at 12 µW. Figure 2 shows the PSD of the cantilever's thermal vibration for different excitation laser wavelengths. The PSD of Brownian motion without excitation laser (black solid line) is also shown. The PSD shows clear change when the cantilever is irradiated (blue, green and red solid lines), and it strongly depends on the wavelength near the band-gap of GaAs at 10K [10] . As the wavelength becomes shorter, the peak amplitude, the integral intensity increase and Γ decreases showing as much as three orders of magnitude amplitude enhancement at 819.66 nm. These changes are features of vibration amplification induced by the back-action force driven by carrier excitation [9] . When photons are absorbed in GaAs layer, electron-hole pairs are generated. The electrons and holes distribute separately by the built-in electric field and result in the piezoelectric stress along the longitudinal direction. This stress produces the bending moment and the static force is induced. The static force is modulated through deformation potential induced by the strain due to the thermal vibration of cantilever. This force modulation acts as a back action to the cantilever motion. The observed spectral change therefore reflects the strain-induced modulation of optical carrier excitation. Compared to our previous structures [9] , the heterostructure cantilever is highly sensitive to change in the excitation laser wavelength, reflecting the sharp band-edge absorption spectrum.
Results and Discussions
In Fig. 3(a) , laser wavelength and laser power dependence of the PSD's peak amplitude are shown. The peak amplitude at 12 µW laser power has significant dependence on the wavelength. Especially, the thermal vibration amplitude becomes unstably high at around three wavelengths, 819.2, 819.4, and 820.2 nm. These tendencies also appear at 3.6 µW, but the amplitude amplification effect is much smaller. Figure 3(b) shows the PSDs at 819.4 nm. The PSD shape is lorentzian when the laser power is 3.6 µW but deviates completely from it at 12µW. This phenomenon indicates that the vibration-induced strain largely modulates the absorption coefficient at these wavelengths. We have not confirmed yet but the additional peaks might correspond to the photon absorption by different species of excitons. PL spectra of GaAs at 1.6 K shows exciton-related peaks at [11] , which show relatively good agreement with our result. This micromechanical spectroscopy of optical absorption has a very high wavelength resolution and can be an alternative method for studying optical properties of semiconductors.
Conclusion
We have demonstrated that the optical absorption in semiconductors can be characterized by measuring the excitation wavelength dependence of thermo-mechanical vibration of an AlGaAs/GaAs heterostructure cantilever. The amplitude is enhanced by more than three-orders of magnitude and it strongly depends on the excitation wavelength, possibly reflecting the fine energy structure near the semiconductor band gap. This technique can provide an alternative method to clarify the optical absorption and carrier transfer dynamics in semiconductors with high sensitivity and resolution.
